
 

 

 

 
 
 
 
 

Findhorn Renewable Energy District Roadmap  
 

2017 
 
 
 
 
 
 
 
 

Funded by the Scottish Government’s 
 

Community and Renewable Energy Scheme – Infrastructure and Innovation Fund 
 

and delivered by  
 

 
  



 

 

 Findhorn Renewable Energy District Roadmap 

  
1.             Introduction 

  
The first principle when planning a new energy delivery system is “conservation first”, i.e. 
maximising the energy efficiency of buildings, which lowers heat demand.  How can the 
absolute net amount of energy be reduced?  Next, are there existing renewable energy, low 
carbon, efficient local heating schemes that can be extended to include the new users?  What 
are the objectives of the new system – environmental, sustainable, financially viable, reliable, 
robust and so on? 
  
District heating systems at modest scales, say 10 to 30 connections in the case of systems 
similar to Findhorn, can encourage the formation of a group of users coming together to set 
their own criteria around heating energy and perhaps enable local group ownership.  The 
group may also be necessary to qualify for commercial RHI and low interest government 
backed loans from such as the District Heating Loan Fund. 
  
This Roadmap is intended to help with navigating the choices that present themselves to 
those intending to instal and run a district heating system.  The Decision Tree, shown as 
Appendix 1, covers the route from setting the objectives and criteria to the installation of the 
heat generator and distribution network serving the project’s buildings.  The capital 
expenditure budget (CAPEX), the operating budget (OPEX) and the cash flow for the system 
over 20 years, can then be calculated.  IRR and NPV values indicate the relative financial 
health of the project. 
  
A White Paper has been written by Heriot Watt University, which supports strategic policy 
adoption by housing associations, developers, local councils and others considering district-
heating, particularly using renewables.  The White Paper is technically oriented, but written in 
lay language to assist larger organisations to understand better district heating opportunities. 
  
2.         Criteria for choosing options and project objectives. 
  
As for any new project, setting objectives and criteria for a potential district-heating project 
helps clarify the process.  Typical criteria and project objectives include: 
  

 Conservation first – lowering heat demand; 
 Cost/kWh by end users over 20 years; 
 Customer focus and customer obligations/satisfaction: 
 Reliability and convenience; 
 Ownership and governance; 
 Maximising renewables fuel sources, which may involve incorporating solar thermal 

where cost effective; 
 Financing options - benefits and challenges in borrowing; 
 Maximising RHI either on the short or long term; 
 IRR, NPV and choices for project cash flow; 
 Security of fuel supply, including back-up systems; 
 Low carbon solutions and sustainability; 
 Noise; 
 Access; 
 Back-up; 



 

 

 Controls – thermal stores and forecasting, optimising local renewable energy, 
minimising costs, risks, carbon & outages; 

 Responsibility for operations – technical and financial – contracted out or DIY; 
 Additional benefits – laundry & food drying, options for devolved responsibility and 

potential capital allowances against taxation are examples. 
  

3.         Roadmap Decision Tree 
  
Although not applicable to every possible district-heating situation, the chart in Appendix 1 
highlights the main issues, project objectives and decisions that have to be navigated.  The 
Roadmap process has been well advised by Strathclyde University and David Palmer of 
Campbell Palmer Partnership Ltd., who has developed a suite of computer design tools, which 
inform the system engineering.  Andrew Lyden, a PhD student at Strathclyde 
University, worked with Findhorn Foundation College in running the Palmer design tools for 
four potential new district heating schemes in Findhorn and Forres.  Appendix 2 are Andrew’s 
Guidance Notes on using the Palmer Design Tools. 
  
A first question is whether there is a or residual heat from a local heat generator that has 
spare capacity or from an industrial or commercial processor, which is robust and reliable, 
generates heat at competitive costs and preferably uses renewable energy.  In general an 
existing plant, even with relatively long pipe runs to districts, is more cost effective for CAPEX 
than a new facility. The “rule of thumb” is that an existing generator with a projected long life 
saves half the CAPEX cost of a new installation.  
  
David Palmer emphasises the importance of adequate thermal storage to handle peak 
conditions, thus enabling heat-generating plant to be sized economically.  Where the district-
heating site is some distance from the heat generator a local thermal store is located in the 
district and sized to handle the peak characteristics of the thermal loads of the district’s 
buildings. 
  
A key issue, which should be settled early if possible, is the ownership of the district heating 
system.  This enables good local decisions on the location of the boiler house, thermal stores, 
pipe runs and so on. Commercial/non-domestic RHI, which complies with the tariff 
requirements, also requires ownership by a corporate body.  An example is a Limited Liability 
Partnership (LLP), where the users are partners. 
  
For districts with private houses, scoping meetings with owners are necessary to determine 
which buildings will be part of the district system.  Their objectives for the carbon, financial 
and operations of the project, their wish to invest and/or borrow for CAPEX and how the 
system will be managed upon completion can be articulated (coloured lime green in the 
Decision Tree). 
  
We then come to the options for the heating technology that will meet the project objectives 
(coloured yellow in the Decision Tree).  Using an existing local heat generator is the simplest 
route and likely to be financially efficient and low carbon if the plant uses renewable fuel or 
energy.  Highly insulated flow and return pipework would connect with the local thermal 
store. 
  
If a new heat generator system is required, the design thermal capacity of the technology is 
calculated from the thermal demand characteristics of the buildings and the supply chain for 
the fuel, using the Palmer Design Tools.  Having sufficient thermal storage to handle peak 



 

 

loads is key to the operating and financial performance of the system.  ORIGIN will forecast 
the supply and demand for heat and control the thermal output to users through managing 
the thermal store.  The Palmer Design Tools, as outlined in Appendix 2, require expert 
assistance when first used.  The heating technologies and their financing to be considered as 
part of the Decision Tree (coloured yellow in Appendix 1) can be described as: 
  

1.     Ground Source Heat Pump (GSHP), which requires a substantial flow of water and 
an electrical supply – from renewable generation if possible.  The water can come from 
boreholes or from any local body of water, such as a pond or river.  In an open source 
GSHP the water can be re-used or discharged to land or a stream.  A closed cycle 
system returns water to the aquifer or water body.  If boreholes are considered, it is 
recommended that a groundwater report be commissioned from the British Geological 
Survey (BGS).  In Scotland the office is called BGS Edinburgh Enquiry Service.  An 
alternative method to wells is a “slinky”.  Water is passed round a long closed loop 
piping system buried 1.2 metres deep in the ground.  This is generally less costly than 
wells, but requires a substantial area of land on which the slinky pipe can be 
buried.  The Coefficient of Performance, “CoP”, is a measure of the efficiency of 
conversion of electrical energy into heat energy.  A GSHP typically has a CoPof 3 to 4 
and so generates heat 3 to 4 times the electrical input.  The CoP is enhanced with the 
addition of solar thermal, pre-heating water before input to the heat pump.  RHI rates 
are higher than for an ASHP.  Low temperature GSHPs are typically used for under 
floor heating and two-stage high temperature GSHPs may be necessary for radiator 
heating systems.  (See www.gshp.org.uk and www.energysavingtrust.org.uk for more 
information.) 
 

2.     Air Source Heat Pump (ASHP), which requires a fan unit outside of the building, 
draws energy from the air to supply heat to buildings.  CoPs are typically 2 to 3 and 
RHI rates are less than for a GSHP.  So while the CAPEX is less than for a GSHP, OPEX is 
higher.  Siting is important, as the fan units can be noisy.  Small ASHPs can be used to 
heat individual houses and CoPs are usually 2 or less.  
(See www.heatpumpinstallations.com for more information.) 
 

3.     Biomass boilers can be fuelled by wood chips, wood pellets or logs and straw 
bales.  The last are labour intensive and generally only used in farms.  Wood chips are 
the least expensive.  However they require a larger physical store than wood pellets 
and the chips, which have to have moisture content of less than 25-30% are fed by 
auger into the boiler.  Generally wood chips are only used for boiler ratings of over 100 
kW and often over 200 kW.  Smaller biomass boilers of up to 100 kW can use wood 
pellets, which are blown from the delivery truck into a store next to the boiler and are 
made to be handled automatically.  Wood pellets are manufactured from low cost 
agricultural materials such as sawdust and rape seed after the oil has been 
pressed.  They have a higher calorific value than wood chips and are generally three 
times the cost per kWh of heat delivered, currently ~6p/kWh for pellets versus 
~1.5p/kWh for wood chips in Moray.  Biomass boilers by their nature are more 
complex than a heat pump.  Having an ongoing operating/maintenance service is 
essential.  Biomass heat can be readily adjusted to suit the flow and return 
temperatures of the heat distribution network. 
 

4.     Heat exchangers and HIUs in buildings are how the heat from the thermal store is 
used efficiently.  Simple heat exchangers receive flow and return from the thermal 
store and transfer the heat to the building’s heating and domestic hot water (DHW) 

http://www.gshp.org.uk/
http://www.energysavingtrust.org.uk/
http://www.heatpumpinstallations.com/


 

 

systems.  The more sophisticated HIUs (Heat Interface Units) can handle DHW without 
a separate HW tank in the building and can communicate through the Internet with 
ORIGIN, completing the feedback loop for the system controls.  Appendix 3 is a brief 
description of the DATA ICT Connected Heat Interface Unit with a schematic diagram 
illustrating a potential installation with ORIGIN controls. 
 

5.     CAPEX, OPEX Financing and Cash Flow (coloured orange in Appendix 1).  With the 
assistance of Design Tools that comply with CIBSE code of practice guidelines and the 
potential involvement of consultants, equipment suppliers and contractors, capital 
expenditure (CAPEX) can be estimated.  An example of CAPEX and OPEX budgets, cash 
flow and financial metrics is given in Appendix 4.  This Appendix is one folder and 
contains PDF files showing the schematic diagram and main parameters, the CAPEX 
required and the project cash flow.  In addition to equipment and construction costs, 
CAPEX will include engineering and project management fees at ~10% of 
equipment.  An overall contingency of 5% or more is prudent.  CAPEX might be funded 
by a capital contribution from users and a loan, typically over 10 years.  The 
“mortgage” (capital repayment and interest in equal instalments) will be included in 
OPEX, along with fuel costs, operations, maintenance and internal system losses.  RHI, 
user payments and additional income opportunities mitigate OPEX.  The 20-year cash 
flow will estimate the ongoing costs and income to users.  Charging rates per kWh of 
heat delivered can be set.  IRR and NPV numbers give an indication of the financial 
health of the project.  When calculating these metrics, the CAPEX is entered as a 
negative and the cash flow less the financing costs follows: 
Internal Rate of Return=IRR (- CAPEX: cash flow over 20 years without financing costs) 
and NPV is similarly calculated.  As a minimum the IRR percentage should greater than 
the interest percentage on the loan and NPV should be positive. 
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 Appendix 4C Cash Flow for Earthship example 
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Appendix	1A	–	Additional	notes	to	the	Decision	Tree	Diagram.	
	

1. Market:	Housing/customer	tenure	is	a	major	consideration.	Registered	Social	
Landlord	(RSL)	housing	can	be	secured	as	it’s	owned	by	the	RSL	and	heating	
source/system	stipulated	and	goes	with	the	property.	Private	sector	housing	
ownership	can	change	as	could	their	choice	of	heating.	If	funds	are	to	be	borrowed	a	
secure	customer	base	will	be	necessary	to	secure	funding	from	commercial/social	
lender.		
	

2. Access:	This	is	an	important	aspect	of	any	biomass	system.	To	ensure	ease	of	market	
entry	or	potential	to	use	other	suppliers,	then	access	to	a	suitable	fuel	reception	is	
necessary	to	enable	as	many	modes	of	delivery	as	possible	e.g.	Lorry	tipper,	tractor	
and	trailer,	blown	delivery.	

	
3. Security	of	supply:	For	biomass	(especially)	woodchip,	the	quality	of	fuel	is	very	

important,	in	addition	to	this	choice	and	variety	of	supplier	is	also	desirable	as	it	may	
allow	price	competitiveness	and	also	a	good	fall	back.	

	
4. Start-up	load:	For	heat	pumps,	care	needs	to	be	taken	to	ensure	that	there	is	adequate	

sizing	and	power	to	allow	for	the	start-up	load	for	the	heat-pump	(which	if	not	
factored	in	can	cause	overload	problems)	this	is	sometimes	addressed	within	the	
devices	themselves	through	a	soft	start,	but	worth	noting	in	the	choice	of	device	or	
electrical	design.			
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Appendix	2	-	Guidance	on	the	Design	of	District	Heating	
	

1. Demand	of	connections	
a. Use	Scotland	heat	map	and	Heat	road	map	Europe	to	identify	demand	at	high-level	

i. http://heatmap.scotland.gov.uk/	
ii. http://www.heatroadmap.eu/	
iii. Heat	map	better	used	for	large	schemes	since	the	calculations	are	often	

basic.	See	confidence	levels	on	website	for	more	info	
iv. DECC	suggest	3	GWh/km2	is	a	minimum	for	financial	viability	

1. http://docplayer.net/17970438-A-report-to-the-department-of-
energy-and-climate-change-april-2009-the-potential-and-costs-of-
district-heating-networks.html	

v. Energy	savings	trust:	55	dwellings	per	hectare	(0.01	km2)		
1. Referenced	in	http://www.theade.co.uk/community-energy---

planning-development--delivery_617.html	(page	16)	
b. Use	SAP/HEM/PHPP/Biomass	Sizing	Tool	to	model	demand	at	high-level	(usually	use	

assumptions	for	DHW,	see	point	f.)	
i. https://www.gov.uk/guidance/standard-assessment-procedure	
ii. http://www.esru.strath.ac.uk/Programs/EEff/index.htm	
iii. http://www.passiv.de/en/04_phpp/04_phpp.htm	
iv. https://www.carbontrust.com/resources/tools/biomass-decision-support-

tool/	
v. Compare	to	correlate	

c. ESP-r	or	TRYNSYS	can	be	used	for	low-level	modelling.	This	requires	expertise,	time,	
and	multiple	details.		

d. Estimate	demand	based	on	fuel	bills	and,	size	and	efficiency	of	existing	boiler.	Also	
survey	existing	fuel	boiler	

i. Condensing	boiler	=	90-95%,	trad	boiler	=	70-80%	
ii. Condensing	=	definitely	after	2005	
iii. Condensing	=	plastic	flue,	white	plume	
iv. Non-condensing	=	metal	flue,	no	plume	
v. Coal	with	back	burner	
vi. Biomass	with	back	burner	
vii. Electric	heating	

e. Investigate	reducing	peaks	and	annual	load	(retrofitting)	
f. Separate	hot	water	and	space	heating	

i. Average	house	70:30	(space:DHW)	
ii. Low-energy	house	40:60	(space:DHW)	
iii. https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=7&

ved=0ahUKEwjYgubq_-
7RAhVpL8AKHbSLA4gQFghDMAY&url=https%3A%2F%2Fwww.reading.ac.uk
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%2Fweb%2Ffiles%2Ftsbe%2Fburzynski_tsbe_conf_2010.pdf&usg=AFQjCNH_
iZaDSae6zgK7by0R1eXb5JSusA&sig2=VPiduhxlFwEpR_f0lMquxw&cad=rja	

g. Estimate	hot	water	demand	in	domestic	buildings:	
https://www.gov.uk/government/publications/measurement-of-domestic-hot-
water-consumption-in-dwellings		

i. Consider	different	usage	patterns	(winter,	summer,	low-use,	high-use,	
working	people,	students)	

ii. Peak	hot	water	demand	(typical	circa	30	kW)	
iii. Hot	water	tank	or	instantaneous	(see	substation	section	3)	
iv. Final	resort	rule	of	thumb,	2	kWh/person/day	

h. Identify/generate	a	load	profile	for	the	year	if	possible	or	the	design	winter	day	
i. Design	winter	day	temperature	can	be	found	in	RETScreen	database	or	

calculated	from	meteorological	data	
ii. Can	use	biomass	sizing	tool	for	design	day	profile	

i. Consider	future	load	connections	and	impact	

	

2. Radiator	assessment	
a. Assess	types	of	existing	radiators	in	homes	

i. Typical	types:	K1,	P+,	K2,	P1,	K3,	towel	rail,	cast	iron	
ii. Location,	type,	height,	length,	depth,	#	sections,	TRV,	DHW	cylinder	
iii. If	building	<15	years	old	possible	delta	T	20,	otherwise	11	(this	is	perhaps	

optimistic,	if	done	properly)	
1. Another	option	is	to	manually	measure	temperature	drop	
2. Also	good	idea	to	refit	to	top-in,	bottom-out	configuration	to	ensure	

a	delta	T	>	20		
b. If	new	build,	then	use	room	by	room	calc.	on	building	plans	and	then	use	radiator	

calculator	to	size	
c. Use	BRE/Palmer	radiator	sizing	tools	to	model	heat	output	
d. Use	a	room	by	room	tool	(BRE/Palmer)	to	compare	to	radiator	use	

i. Lengths:	Glazing	size,	ext.	wall,	exposed	ground	floor,	exposed	external	roof	
ii. U-values:	ext.	wall,	glazing,	floor,	roof	
iii. ACH,	air	change	per	hour	

e. Predict	lowest	possible	flow/return	temperatures,	increasing	delta	T	
i. Comparing	room	by	room	and	the	radiator	tool	

f. More	detailed	radiator	design	tool	can	be	used.	http://www.hvacsolution.com/	

	

3. Decide	on	substation	installation	type	
a. DHW	choices	

i. Instantaneous	DHW	indirectly	connected	
1. http://dh-applications.danfoss.com/application101.html	

ii. DHW	tank	indirectly	connected	
1. http://dh-applications.danfoss.com/application102.html	
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iii. DHW	tank	directly	connected	
1. http://dh-applications.danfoss.com/application103.html	

b. Space	heating	choices	
i. Indirect	connection	

1. http://dh-applications.danfoss.com/application210.html	
ii. Direct	connection	with	mixing	loop	

1. http://dh-applications.danfoss.com/application220.html	
iii. Direct	connection	without	mixing	loop	

1. http://dh-applications.danfoss.com/application230.html	
c. Choices	for	flat	stations	(for	use	in	apartment	blocks)	

i. Indirect	connection	
1. http://dh-applications.danfoss.com/application31f.html	

ii. Indirect	connection	with	tank	for	solar	thermal	integration	
1. http://dh-applications.danfoss.com/application32f.html	

iii. Direct	connection	with	mixing	loop	
1. http://dh-applications.danfoss.com/application33f.html	

d. Value	of	substation	type	
i. Losses	associated	with	the	tank		
ii. Differences	in	peak	load	(in	turn	leads	to	pipe	size	differences)	
iii. Additional	costs	for	indirect/tank	system	
iv. Different	temperature	requirements	
v. Potential	for	solar	thermal/back	up/PV	
vi. Potential	for	legionella	in	low	temperature	storage	substations	

e. Estimate	peaks	for	different	substations,	apply	diversity,	estimate	heat	loss	
i. Domestic,	DHW	=	30	kW,	SH	=	5	kW	
ii. See	diversity	curve	for	Lystrup	and	others	(see	below	figure)		
iii. IsoPlus	curves.	Uses	50%	factor	if	charging	tank	
iv. Danish	standard	(DS)	439,	33kW	for	IHEU	(CIBSE	recommended)	
v. Apply	50%	to	diversity	for	charging	storage	(IsoPlus);	see	Lystrup	where	it	is	

even	smaller.	
vi. Use	DS	curve	as	recommended	by	CIBSE	Code	of	Practice,	see	IsoPlus	sheet	
vii. Initial	plant	sizing	
viii. Heat	loss	from	the	charging	tank	can	be	estimated		using	the	specified	

storage	tank	sizing	section	of	the	biomass	sizing	tool,	gives	design	day	loss	
f. See	Lystrup	for	an	example	of	using	charging	tanks	vs.	instantaneous	hot	water	in	

low	energy	building	district	heating	scheme	
i. https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=6&

ved=0ahUKEwiJhLbm5PPRAhVYOMAKHRnLAMUQFghCMAU&url=http%3A%
2F%2Fheating.danfoss.com%2FPCMPDF%2FVFHZC102_results-and-
experiences_lores.pdf&usg=AFQjCNEqW6ZLO4xB4fssV-
_56X0ibQlZhw&sig2=KT94PJHnfeYmD_BsuMFDPw&bvm=bv.146094739,d.Z
Gg&cad=rja	

g. Investigate	potential	addition	of	solar	thermal	(see	3.c.ii)	
i. See	TSol	software	for	in-depth	analysis	
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4. Substation:	Some	secondary	circuit	considerations		
a. Summary	of	section	3	Secondary	circuit	design	from	SAV	Delta	T	Design	Guide.	Read	

this	for	more	detail.	
b. Important	to	maintain	the	delta	T	such	that	the	return	temperature	does	not	rise,	

especially	at	low	load.		Two	reasons:	might	cause	auxiliary	boilers	on	return	line	to	
stop	performing;	and	enabling	high	temperature	water	entering	bottom	of	thermal	
storage,	causing	de-stratification.	

c. Variable	flow	systems:	If	constant	flow	pump	is	used	then	when	lower	flow	is	
needed	then	it	is	returned	to	the	heat	source,	which	on	the	secondary	circuit	causes	
a	large	return	temp.	However	a	variable	flow	pump	throttles	the	flow	at	part	load,	
meaning	no	high	temperature	flow	is	going	to	the	return…	this	1)	Reduces	pump	
costs/consumption,	2)	lower	flow	can	cause	a	larger	cooling	of	water	through	the	
heating	units,	meaning	an	even	lower	return	temp,	thus	higher	delta	T	

d. Pump	speed	control:	careful	use	of	this	can	allow	for	reduction	on	temperature	
increase	through	pump,	and	reduction	on	pump	cost/consumption.	See	page	16	of	
SAV	delta	T	guide.	

e. Differential	proportional	control	valve:	DPCVs	can	be	used	to	control	and	limit	
pressure	variations.	Protects	against	excess	flow	through	radiators,	causing	a	
reduction	in	the	delta	T.	

f. Pump	minimum	flow	rate:	a	pump	requires	a	minimum	flow	rate,	or	lots	of	heat	will	
be	generated	with	undesirable	consequences.		

g. System	bypasses:	Used	to	move	water	from	the	flow	to	the	return,	without	passing	
through	a	heat	exchanger.	Some	of	these	are	necessary.	This	is	to	1)	ensure	system	
flow	does	not	drop	below	minimum	pump	flow,	2)	Makes	it	possible	for	addition	of	
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future	heating	units,	3)	allows	for	quicker	use	of	heat,	and	4)	allows	treatment	
chemicals	to	circulate	through	whole	system.	These	should	be	minimised	in	use.	

h. Variable	temperature	circuits:	Three	port	valves	can	be	used	in	secondary	circuits	to	
mix	return	into	flow,	reducing	the	flow	temperature.		

i. Weather	compensation:	Reduction	of	flow	temperatures	dependent	on	outdoor	
temperature.	1)	Less	heat	emissions	from	network,	2)	reduce	the	return	
temperature	at	low	flow,	and	3)	less	overheating	in	buildings.	

	

5. Map	and	sizing	of	the	network	
a. GIS	mapping	of	proposed	piping	network	(including	heat	supply	site)	
b. Consider	different	configurations	(see	REHAU	DH	guide)	

i. Branch	method		
ii. Daisy	chain	
iii. A	mixture	of	the	two	

c. Figure	out	branch	lengths	and	demands,	using	diversity	curve	(see	earlier)	

	
d. Use	IsoCalc/Palmer	for	pipe	sizing	and	heat	loss	minimisation	(from	min.	F/R)	

i. Size	critical	line	first	
ii. Consider	excess	operating	pressure,	geodetic	pressure	(static),	and	flow	

pressure	loss.	
iii. For	critical	lines	rule	is	pressure	drop	<250	Pa/m	(CIBSE	+	REHAU,	Palmer	

suggests	<200	Pa/m)	
iv. Non-critical	can	be	sized	smaller,	larger	pressure	drop	(see	REHAU	tables,		

pg46-47)	
v. Velocity	max	m/s:	transmission	3.0-3.5,	main	pipelines	2.5-3.0,	house	1.5-2.0	

(IsoPlus)	
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vi. Total	pressure	drop	for	small	systems	around	max	1.5	bar	(Palmer)	
vii. Need	at	least	50kPa	across	last	leg	for	HIU	(Palmer)	
viii. Calculate	heat	losses	using	Palmer/IsoCalc,	this	gives	simple	heat	loss	

without	control	(constant	flow)	and	is	used	for	comparison	between	pipes.	
Closer	to	reality	heat	losses	can	be	calculated	when	investigating	control.	

ix. Also	REHAU	have	provided	a	simple	heat	loss	calculator	too.	
e. Never	oversize	a	piping	network.	Emphasis.		
f. Investigate	potential	of	reducing	F/R	as	much	as	feasibly	possible.	Savings	here	may	

outweigh	costs	in	demand	reduction	or	radiator	sizing.	
g. Use	the	Miner’s	rule	for	the	service	life	of	the	piping	system.	Based	on	the	flow	and	

return	temps,	and	annual	operating	hours	for	operation.	(see	REHAU	DH	guide	pg.	
51)	

	

6. Sizing	of	system/store	
a. Use	Biomass	Sizing	Tool	to	size	the	heat	supply	and	thermal	store	

i. Demand	module.	For	housing	estate	use	embedded	demand	calculator	and	
choose	housing	estate.	Input	using	information	from	point	1	and	compare	to	
analysis	from	point	1.	If	discrepancy,	then	modify	age/type/etc.	until	
agreement	is	found.	Remember	outdoor	design	temp	and	location.		

ii. Going	to	focus	on	as	if	simple	heat	supply	and	not	necessarily	biomass.	Lots	
of	inputs	can	be	ignored.		

iii. Vital	to	consider	the	delta	T	defined	under	the	flow	and	return	
temperatures,	absolute	temperatures	not	important	but	the	difference	
between	them.	

iv. Can	use	the	financial	analysis	inputs	if	desired,	or	can	be	done	externally.		
b. Consider	decentralised	store	to	reduce	pipe	size	(return	to	section	3/4)	
c. Never	oversize	a	heat	supply	
d. The	thermal	storage	losses	can	be	calculated	in	the	Biomass	Sizing	Tool	
e. EnergyPRO	is	an	alternative,	industry-standard	tool	used	for	sizing	heat	sources	and	

thermal	storage.	It	does	not	provide	the	same	output	across	a	range	of	different	
thermal	stores,	but	by	changing	the	size	of	the	thermal	store	manually	an	‘optimal’	
choice	can	be	made.	

	

7. Heat	supply	technology	
a. Assess	local	energy	resources	

i. Rivers,	lakes,	ground	water,	(for	ground	water	source,	see	CIBSE	code	of	
practice	http://www.cibse.org/Knowledge/knowledge-
items/detail?id=a0q200000090NmPAAU),		air	and	ground	temperatures,	for	
heat	pumps	

ii. Wind,	solar,	hydro	for	direct	electric/HP	
iii. Local	biomass	resource	
iv. Grid	connection,	CHP	
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b. Use	low	F/R	as	calculated	earlier	
c. Heat	pumps,	require	high	operating	hours	to	be	economical	=	high	baseload	

i. Want	low	as	possible	flow	temperatures.	
d. Biomass,	work	best	at	high	temperatures	and	close	to	capacity,	most	likely	

economical	case,	questionable	sustainability/smart	energy	system	viewpoint	
i. For	a	complete	guide	to	biomass	systems	see:	

http://www.cibse.org/Knowledge/knowledge-
items/detail?id=a0q20000008I76dAAC	

e. CHP,	questionable	sustainability	over	20	year	lifetime,	requires	high	capacity	run	
hours,	high	capital	investment,	uncertainty	over	feed	in	tariff.	Potential	profits	with	
electricity	export.	

f. Solar	thermal.	Beginning	to	be	popular	in	Denmark.	Requires	a	very	large	seasonal	
storage.		

g. 4th	Gen	DH	would	suggest	that	heat	pumps	(electrification	of	heat)	and	solar	thermal	
are	the	way	forward	from	a	whole	societal	perspective	

h. EnergyPRO	for	investigating	different	technologies.	Can	investigate	heat	pumps,	
biomass,	CHP,	and	solar	thermal.	

	

8. Some	primary	circuit	considerations	
a. The	following	considerations	are	a	summary	from	the	SAV	delta	T	design	guide	

section	2:	primary	circuit	design.		
b. The	delta	T	across	the	heat	source	should	be	optimal	w.r.t	type	of	heat	source	as	a	

guide,	see	below.	Primary	circuit	flow	temp	should	be	dictated	by	the	lead	heat	
source.	
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c. Need	to	fit	a	mixing	valve	to	ensure	the	flow	temp	is	constant;	this	should	match	the	
flow	temp	as	dictated	by	the	lead	heat	source.	Gives	proper	functioning	of	thermal	
store	or	buffer	vessel.	Also,	ensures	the	return	temperature	is	within	the	required	
parameters,	mixing	with	the	flow	increases	this	to	an	optimal	temp.	

d. Pumps	attached	to	the	return	of	the	boiler	should	be	variable,	but	sized	to	meet	the	
design	flow	rate.	

e. Thermal	storage	must	be	included.	Bi-directional,	depending	on	the	operation.		
f. Secondary	pumps	should	be	sized	so	that	they	meet	the	max	design	load,	but	should	

be	variable.	Flow	temperatures	should	be	as	low	as	possible,	should	be	necessary	
means	to	reduce	this.	Constant	temperature	secondary	flow	shouldn’t	be	used	
because	this	may	result	in	unnecessarily	high	return	temps.	

g. Desirable	to	use	a	pre-heating	auxiliary	heat	source	on	the	return	line	to	do	some	
pre-heating.	This	could	be	solar	thermal,	or	a	heat	pump,	or	gas	boiler,	where	it	is	
optimal	to	work	in	low	temperatures.	

h. Auxiliary/back-up	heat	sources	can	be	added	in	parallel	to	the	lead	heat	source.	
Possible	that	these	do	not	optimally	function	under	the	lead	heat	sources	
temperatures,	therefore	they	should	be	sequenced	last.	

i. Injection	pump	is	required	to	put	the	flow	from	the	primary	circuit	into	the	header	
from	which	the	secondary	pumps	are	attached.	Means	there	is	isolation	of	the	
primary	and	secondary	circuits.	Two	port	valve	is	used	to	ensure	the	flow	maintains	
the	required	secondary	flow	temperature,	this	can	also	be	furthered	mixed	down	by	
mixing	valves	in	the	secondary	circuits.	

j. A	buffer	vessel	allows	for	a	heat	source	to	run	at	its	optimal	return	temperature	for	
as	long	as	possible.	

	

	

	

	

	

	

	

	

	

	

	

	



DATA	ICT	Connected	Heat	Interface	Unit		 	 	 	 	 Appendix	3	
	
The	DATA	Heat	Interface	Unit	(HIU)	provides	domestic	hot	water	and	central	heating	in	properties	
connected	to	a	district	heating	system	using	a	central	boiler.	
	
The	DATA	HIU	can	be	thought	of	as	a	combination	boiler,	ICT	connected,	needing	no	hot	water	
cylinder	and	running	off	heat	from	heat	distribution	pipework,	fed	from	the	central	heat	pump	or	
biomass	boiler.		DATA	is	the	next	generation	of	Heat	Interface	Unit	that	through	its	ICT	connection	
is	capable	of	communicating	with	HIUs	in	other	buildings,	with	building	occupants	and	with	the	
ORIGIN	energy	management	system.		(Please	see	the	Outline	Schematic	and	the	DATA	Description,	
which	follows.)		This	enables	greater	efficiency	throughout	the	entire	district	heating	system	and	
greater	control	over	the	function	of	the	unit.		DATA	is	a	product	of	Thermal	Integration,	which	has	
been	at	the	forefront	of	HIU	technology	for	over	twenty	years,	and	DATA	(Intelligent	Heat	
Interface	Unit)	is	built	on	this	experience.		Following	is	an	Outline	Schematic	of	a	typical	district	
heating	controls	configuration	and	a	two-page	description	of	the	DATA.	
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Earthship FF Biomass Connection 26/03/17

CAPEX

Category Item Cost Notes
Distribution	chamber £300 Installed	at	point	of	cut	into	Uhall	63+63	along	with	valve	and	possible	heat	meter
Main	mixing	valve £150 To	mix	down	from	FF	flow	temp	to	70degC
Main	heat	meter £220 Kamstrup
Labour	to	dig	and	install	chamber	and	plumbing £800 £400	to	dig	chamber	and	1	day	of	plumbers	time	to	plumb	in £1,470
District	heating	pipework	(pipe	only) £26,300 Rauthermex	297m	local	distribution,	190m	from	boiler	house
T-connections,	couplers,	reducers £1,800 £150	per	property	as	per	Rahau's	advice	plus	£300	for	supply	pipe	
Trenching	costs £19,480 487m	@	£40	per	m.	Dunelands	recent	trenching	cost	£42/m	
Specialist	pipe	installation	supervision	and	commissioning £2,000 Assume	4	days	of	contractor/rep	time	at	£500	per	day
Pipework	fluids	(inhibitor	etc) £200 Estimate
Heating	pipe	warning	tape £80 2	off	district	Heating	pipes	Warning	Tape	150mm	x	365m £49,860
Thermal	store	concrete	pad £500 Estimate
Thermal	store £5,652 8000L	Galu.	EU	to	GPB	conversion
Planning	permission £400
Installation	of	thermal	stores £750 Estimate £7,302
Heat	interface	units	(6	required) £7,500 Thermal	Integration	DATA	HIU
PHEs £400 4	houses	with	existing	DHW	cylinders,	some	with	solar
Heat	meters £600 4	@	£150	per	meter
Heat	interface	comms	units £1,320 To	allow	comms	to	ORIGIN
HIU/PHE	installation	and	commissioning £2,500 £250	per	unit	assumed £12,320
Shielded	comms	cable	 £731 Comms	back	to	boiler	house.	Assume	£1.5/m
ORIGIN	costs £1,506 Estimate £2,236
Electrical	connection £1,800 NFD	charge.
Engineering £4,960 Engineering	and	PM	10%	of	total
Legals	and	contractual £2,000 Estimate
Project	management £2,439 Engineering	and	PM	10%	of	total £11,199
Contingency £4,219 5%	of	total
Customer	buy-in -£30,000 £3000	per	connection -£25,781

£58,606 CAPEX total befor House Investments £88,606

Other

Connection	to	
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Controls

Project	Costs



Earthship Connection to FF biomass system - Uhall 63+63 Tie In

Description Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15
Loan repayment -£6,954 -£6,954 -£6,954 -£6,954 -£6,954 -£6,954 -£6,954 -£6,954 -£6,954 -£6,954 £0 £0 £0 £0 £0
Annual maintenance -£500 -£513 -£525 -£538 -£552 -£566 -£580 -£594 -£609 -£624 -£640 -£656 -£672 -£689 -£706
Energy Cost -£2,564 -£2,641 -£2,720 -£2,802 -£2,886 -£2,972 -£3,062 -£3,153 -£3,248 -£3,345 -£3,446 -£3,549 -£3,656 -£3,765 -£3,878
Losses £0 £0 £0 £0 £0 £0 £0 £0 £0 £0 £0 £0 £0 £0 £0
Administration -£300 -£308 -£315 -£323 -£331 -£339 -£348 -£357 -£366 -£375 -£384 -£394 -£403 -£414 -£424
RHI Benefit £0 £0 £0 £0 £0 £0 £0 £0 £0 £0 £0 £0 £0 £0 £0
Income £10,025 £10,325 £10,635 £10,954 £11,283 £11,621 £11,970 £12,329 £12,699 £13,080 £13,472 £13,876 £14,293 £14,721 £15,163
Cash Flow -£293 -£90 £120 £337 £560 £790 £1,027 £1,271 £1,522 £1,781 £9,002 £9,278 £9,561 £9,853 £10,154
Cash Flow for IRR and NPV -£88,606 £6,661 £6,864 £7,074 £7,291 £7,514 £7,744 £7,981 £8,225 £8,476 £8,735 £9,002 £9,278 £9,561 £9,853 £10,154

Selling price p/kWh 10.0      10.3      10.6      10.9      11.3      11.6      11.9      12.3      12.7      13.0      13.4      13.8      14.3      14.7      15.1      

System installation £88,606
System finance interest rate 3.5%
IRR 4.2%
NPV £8,524

FF usage not charged for £1,312 Guest Lodge and Doris Usage
Additional kWh sales required 28,000          
Total sales required 100,246        

FF NET Income 72,246          £1,445
FF savings 37,492          £3,066

£4,511

Cash Flow

-£2,000	

£0	

£2,000	

£4,000	

£6,000	

£8,000	

£10,000	

£12,000	

1	 2	 3	 4	 5	 6	 7	 8	 9	 10	 11	 12	 13	 14	 15	

Series1	


	Final Roadmap of FRED
	Appendix 1 - Roadmap Decision Tree
	Appendix 1A Additional Notes to Decision Tree
	Appendix 2 Palmer Design Tools Guidance
	Appendix 3 DATA HIU
	Appendix 4B CAPEX - Earthship BM connect
	Appendix 4C Cash Flow - Earthship BM connect

